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Title of the Invention 

Product Having a Thin Film of Transparent Conductive 
Oxide and Method of Manufacturing the Same 

[Abstract] 
[Object] 

A novel transparent conductive material containing a 
reduced amount of ln 2 0 3 , which imposes a heavy burden on an 
environment of resources, readily prepared at a 
temperature around the room temperature, having a low 
resistance and an optical absorption end in the ultra- 
violet range, and highly transmissive with respect to blue 
color. There are also provided a method of preparing the 
same and an electrode formed of the same. 
[Means for Solution] 

There is provided a product whose base member has at 
least one surface having at least a portion provided with 
a film containing an amorphous oxide represented by a 
general formula: Zn x M y In 2 0 (x+3 y/2+3z/2) / wherein M represents an 
element corresponding at least one of aluminum and gallium, 
a ratio of x/y is in a range of 0.2 to 12, and wherein a 
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tio of z/y is in a range of 0.4 to 1.4, or a film of the 
>ove-mentioned amorphous oxide with positive ions 
ntroduced therein. There are also provided a method of 
lanuf acturing the product and an electrode formed of the 
product . 
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(57) [^Sj] 

[HUH] ^^*^fcOKV^n 2 O s <D^**^fg:< 
—m^. — «;^ZnJH x In,0<,.3^a-3./2> (*+s MttT 

~ l. 4cD«5Hf c 5 ) # AKIfefblfe ^att 



[if**i] a£»co^ft< 1 t>—*<o*ffitf>'>fc< t 

t> — SB!-. -fi*Zn x M y In z O u . 3y /2^/ 2 ) (5t<K M» 

o.4~i. 4<oi5ia}-4)S) x-mznz^ikmmkyv&^m 

fc — SBM* -^^ZnJ y In,0 (3[ .3 y /2.3z/2) Mtt 
T/l^— ^&t>*;tf y *>J»(Db h'Pt£:< t i>—l<Djtm 

0.4-i.4O|Biaicfo5) ^oB^tvSraA 
[IS** 3] y rm^fi^ixio ia ~ixio 22 /c 

[If** 4] it^x/ (x+y+z) A-0.5^±T-fc5IS* 

mi- 3 tov vrna* i *f-fe*t^n°no 

*icfe*t0^p D p 0 
[ff**6] ^t^y^/^ii^c&v-— h-h03g9f 

[If** 7 ] If ** 1-6 V ^fn^ 1 *(-lESt<D^ 

[If**8 ] *««ds*SrK*#fiK»ft*«l^fe*a 

it ** 7 {cis«c^a& 

[If** 9] »«i:*««i:^IB^Tlfi««r#'r5IB 

** 7 * fen 8 

[lf**10] TSWia 5 ^-^*— TFT*. EUf 

-hcoJi -e* 5 ff ** 9 ffif^lfe 

fc^^^:^fl:mi-fflv^e>^^^if*^8- i oco^-rn^i 

[If** 1 2 ] If** 1 KK*0«fiO»ii*S;-C*> 

Jt^x/y^O. 2 — 12<0*5H"C*>5. it^z/y^O. 4— 

X10~ 2 [Pa] — 10[Pa]COi5fflt It, -X^y ^ y V^'S:* 

[IS** 1 3 ] If ** 2 |C|E*fe<0»fi<D«!ifi*ft'C* 
ot\ -JlxaZnJ y In z 0 (x .3 y / 2 ^/2) (35 <K HS7/U 

"3, Jt^x/y^SO. 2 — 12<Z>f5H-C*9> it^z/y^O. 4— 
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U a6Sffl«S:a[iaA»&300t:(OtSffli: U a*oEEA«ri 
X10- 2 [Pa]-10[Pa]£7?t6[ai: It, V V^ffi* 

jaa&^vifctiiiTcjaasrffSx 1***1 2*fctti 

10 [0 0 0 1] 
[0 0 0 2] 

[0003] *38iaS<^JSS^ttS | W*1S^ s; ^^r^:"ea) 

1 O- 4 £2 cmS«*-Cf£«"e#Stf>-?, Sf 0 T^7 7 fl 
30 W«B^l:<01l*(C^xT I T0O7^77^ft, Vvfc>*$> 
5 0 7^7 7^ I TOUfeitttO I TO^it^T^^ 

7V^t^ I TOtmi&h^itbn&o SSttITO(D^ 
40 I»{CB:2 0 otWioaa^SrR-t-S^feT'SbSo 
[0 0 0 4] 

I3BM* S »»LJ: 5 ir-T^^S] 7^77^ I TOS 
fctfCDmMiT' J * 7* U^C <0*&«Cj^o Tin 2 0 3 
tioWSo In 2 0 3 fi*r / >^^"Cfcor, *> 

5o CO±3*3S*a>£>. ln 2 o 3 ^^WS^(g;< . (S 
50 oofe5o 



[0005] -&CT-**iW<oBWtt, SSSt#Affiftf>iB 
V^In 2 0 a ^tlS:lfi<»i5^i:*T?*, *fflf=tifi 

[0006] *$89!#e>tt.' ffija-Y^i?9A*awt» 

[0 0 0 7] (SJ. 4#|»2p7-235219-g-4i«iCf± % 

^ft>Sittt>fy^^^ (In) *5j;0«lE» (Z 
(In + Zn) ^0. 8 — 0. 9 £>©iaF*i"CS>5o £k 

y^A, r y f ^ >^ fc(J^>^^ a ^ttt 6 : 

(^:^3tc^) / (I n + Zn+^l3S» ^ 
0. 2KTT'fe§rt^iEtt^nT^5o 
[0 0 0 8] ^<D^$8iCtt. _b|SK-ft*&3&*fe*5SP^» 

[0 0 0 9] 

^a&tj^ y ^ act) o ib'Pte< 1 t — Dco^mx-fo 

9, tt^x/y^O.2— 12cOi&ffiT'fcl9, it^z/y^0.4— 

«tt, Stt©^*< t *<£>*ffi£>*J^5£< i t>— SB 
iC, — jK^ZnJMn.Oo^ay/z^^ (^£4\ MttTA^ 

5 % it^x/y^0.2-12(^S5[aT'& l 9, *t^z/y^0. 4- 

[00 10] S&{c*«P^a. ±IE*3§W<04*B B pj&*&fc 

[0011] #eW<Z>SB 1 c^Mif -bSB**91<D 
1 ^ffi'm^^p°p^it^^^fco-C, — *S-j£Zn,M y In« 

CO o h'Pte < t t, — oCOtc^X'^ 5 . tf^x/y^O. 2—1 
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20®HTfei9, it^z/y^0.4— 1.4c^i5ffl(Cfe5) T* 
300°CO|5iat U ^^om*^lX10- 2 [Pa] — 10[Pa]cO|5 

atu, y >?'m&tinu— if— r^^— 

[0 0 12] **^^2©aSig* , fett, JbiE**W<7> 

o<^ 3y/2 ^/ 2 > (st*. mst/us ~*Aju«fy ^a 

CO 9 < t t—0(0^mX"lb V , it^x/y^0.2 — 1 

10 2cO$5ffl-Cfc , 9, lt*z/y^0.4 — 1.4<©J6iaf-*>5) ~C 
m&tiZWtityoZ* — try Y t U K«»*3:£&a>e> 

300 o C(O®fflt U ^-Oj£^7^1X10- 2 [Pa]-10[Pa](Ot5 
HirLT. ^.^ix^ y y^fdii/- If— Tzf\s~ is 

[0 0 13] 

20 * ^^A^tK^y ^A^*ff LTt> iV\ T^^^!>A 

xw^y !?Aas*#-f r^5=.*Ai:^y ^a 
oifc^tt#{cffi!Pfia*v\ fib, r/t^^^^Aoit^ 
^ii*.5tjefifta«35SiK<*5«fPi36sa>5o ^y^A 

[0 0 14] it^ (x/y) «0.2W_b. 12ETFO«yg-C 
*>5. x/y*so.2*«^ttJSW=i^ hi& s iiS<<C5o x 
/yasi2Sr«*.« t Z nj«^s*#<<i:0-t-¥T*:«1 > 
-CMt^(c>F^^tc^ao ^^f^LV^it^ (x/y) tt l 
-l0O«it?*9, <t 5»*U< ^4 — 1 oo©BB-e 
30 fc^ 0 Jt# (z/y) f±0. 4gJL±, 1- 4 KT^»t5i 
T'*>9. z/y^0. 4*It1iIn 2 0 3 ^U « 
%L&m&&{SrfTZ>* z/y&l. 4S:gi§tGa 2 

LV^lt^ (z/y) ttO. 6H11. 4«TOt5HT-fc 

[0 0 15] $ b^^P^cO^p^iC^V^r, it^x/ (x 
+y+z) R5K±t^^rt^\ hSrTff. H 

»AWS:(El*-*-5i:V N 5«^&*F*l-''\ Jt*x/ (x 
40 +y+z) tt, $t^U<tt0. 6-0. 9^t6fflT'fc6 0 $ 
&{c:*3gPjco4afiiZ)5*-f-5W}c:*5V^T, ±8EKft*&tt, 

[0 0 16] *5SM^g&ft4»^>*fl:l4tt, e*flf}-*5Jj 
-5 ^ y TST-^S^Fif/£^IS [11-^6 i: & id aw t ^ 
5 fl t^iS^tyrt^itt, ixio l8 /cm 

3 -lX 1 0 22 /cm 3 OiSi-C"fc5o *^c, $?^LV>^r 
^yrfiT-^fitt, lXl0 19 /cm 3 -5X10 21 / 




5 

[0017] &&m<Dm 2 <pm»<D#i& 

<»-3^ M »^><oa;tp, Zn, M, tfc* (x/y) &t«fc 
^ (z/y) icov^ttt, 1WIB*I6W^SB 1 0<fi«0^ 
p D pi:|B]«-Cfcao it^x/ (x+y+z) Xt>** H %K"C*5 - 

[0 0 18] £fb(C, ^P^0^2c^ftg^<^^p a p^. _L 
IS— iK*"C**tt5Sgfb»i^, »>f ^-^SrftALfcfctf) 

[0019] *58WO* 2 Oj««<0*fpds*+a 

«5gSr5R«U*< *S«lRji s *>«o ±IE<OJ;5fc»>f 
>-£ Mx.fi. H, Li, Be, B, C, Na, 

M g> AK Si. K, C a . Sc. Ti, V N C r , 
Mn, Fe, Co, Ni, Cu. Zn, Ga. Ge. 
Y, Zr, Nb. Mo, Tc, Ru, Rh, Pd, A 
g. Cd, In. Sn. Sb. Cs, Ba. La. C 
e, Pr, Nd, Pm. S m. Eu. Gd. Tb. D 
y. Ho, Er, Tm. Yb. Lu, Hf, Ta. W, 
Re, Os. Ir. Pt, A u , Hg. Tl. Pb, B 
i Sr^feff 6: td5"C*5 0 

[0020] 

ffiO»-&t-tt, TRtt*53Onm-C*0, _hPS^ 1 /i 

So 

[0 0 2 1] SMSffii: LTtt. ^^^^Wffiiir'OS 
K ^^./u^fcfcs^SJKflgicJtJC^So #9* SIR 
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iiK, ^ffitt^Stt/c^^^^ffl^^r tariffs LV\ 
[0 0 2 2] »J!B*4Kt L-Cfi, 09xtf, #y^*5vi' 

mP5lt7j/isJ*. -{Sis**. BISSft^^^A* 

[0 0 2 3] £fc, *5SK<o*1Stt, afriESWSS-hu: 

ti, ^77-7^;^- TFTI, EL3§7fc/f, ^JS 

[0024] *56M(oa:«tt, a^offl^tcfij^-t-^r 
tttt, atwttds;is<^oai[*ttt>a;v^-cTFT*s± 

[0 0 2 5] *fc. **M^38M*1s6B:. ELfV^7 9 
40 Wfflttfiii: Ltffli/^^i t-C#5o ELfV^7V 
>T ^tt^fcM, yi-^-fe XffJSS-^-aifilSMIIJSS* fas 

[0026] *«w<o««tt, 

^fn7x^^S^p i nS^i'}:»S^5 
50 ^J6a*Sr»*iii>a*W!SfiS:*r"t-*o ±^«?Hlfi> 4^ 
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[0027] &&m<Dm&?f& 
^mom 1 <Dmm^mx'i,t. — «sKznjMn.o 

5 *>^& < t 1>— o05EI^-e*} *3 % tfc^x/y^O. 2~12 
ZtiZ>&ik®>**— try l,xm^?>o &&W<of&2 

<y J»<D 5 < k i> — ocD^mX'ib K> , tfc^x/y^O. 

2~12»t5ffl-C-fc >9 » Jt^z/y^O. 4—1. 4CD^[S(Cfc 

[0 0 2 8] ^B^oai{it*fe-C*{±, ff^^tbS^^cO 

v\ (au u— if— ^u^Bg^-jcfcs^— y y h<o^> 
— v^Sr^lS-TS Yk Lxm^ZtikikVoti. 

ta^SS^ s »* L < tt40%EJUt-CS> £ L < 30 

}270%«_h-?;fc3„ hk LXitM^-i-i. fe&fc 

* — y yht ©fil!J'J"S < > # < T 1>5%T-fc 

e>» ^-yyhasii. ^goMBaajfctEi—i: 

[0 0 2 9] Mi, #J*:(i\ x/y>ltf>©ffl-C 

t-£S 0 40 
[0030] ^m^mm^mxa. Sffitaflcsraia* 1 

C>300 o C<D®iai: U *»olxlO -z [Pa]~10[Pa]K>ffi^|$6 

y ^ y y^ftitlii''- if— r^u— v-3 ^feici *) . 

©«6H£U **oJE* «!S*#E) ^lxio- 2 [Pa]~lO 
wt*ST?*5 0 ff*L<tto~i 5 otro 

ISHT-fet), i'OEAii> £t*L<itO. 0 1[Pa]~l 50 
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[Pa]ro$SB-e&$o 

[0031] **<y9 v izm^xiortozk 

^ s</t*:/«a. & ^ rt icsg A-f- 5 r k i- J; "9 ?t 5 ^ t tf 5 T- 
w— if— T7*\/— ^^articiSBL 

/umkti r f :7'^X^U:J; 9§£^cO;tf*»5 v^/MI 

[0 0 3 2] *«W©«iS*iSfe<0^— T^U— "i'a 
J'JfctcJBi^Si'— If— i LTtt, 

•rttrojSS> i-^t>^.0. 19~lly m , M*L<»0. 19~ 

— Jf— 3i*«, 0. 0001~1000J/ cm 2 • '<J\s7-, L< 
fJO. l~100J/cm 2 • /</\s?>X'&>Z>o 
[0 0 3 3] »2©»«l«>«jt*iSfet-*JV % T:B, ±IE* 

[0 O 3 4] *38W<0«JS*ftt-*JV^-CB:. ^ 

— y y b i LTIn:Ga:Zn=l:l:iroj^*Sft:SrfflV7c:^-&. 
6.2X10- 3 [Qcin]<O*^^S^(-#5r taST?#5 0 - 

^^10^±i:iS5i/Mi£*^-t"- t f-i5o *7t, fi—'iry 
V k L-CZn^^SriiiD^-tirrt^^D^f^IGZO InGa0 3 (Zn 
0)-(«:2£il±O»ft)©«!iB#SrfflV % fc*S', 4. 3X10" 3 
[Qcn]©»Si*S:*-r5*JBIS:«JH-»*-4:d s T?# 

So 

[0 0 3 5] JEU:»«ffift:STS€r»&-tt, 
(300t^T^M* LV^) -^^ilTciSfefcSVtt-r^-V 

SAS^fv^ r i -c* y r«*Sr±ff 5 r k 

0«j*S:ajt.5«*K— fv^SftJItSrfiJfflLT, ^y 
T ^ A fa ± L T t J: v \ 
[0 0 3 6] 

[^5^(0^] *^^©^ D °p{i, ln 2 0 3 t 

<. ^o^im*. : iSia^ s 85%a±-e^ >9 , A^oBiiEMK 
*^385nmT-ib'5r.i* i ^, 6IMt 7— PfffiT? 

t,^ff§r)?:< -TS - k x-i&1&tfiik&mzzkfr"Ii&x-ib 
So ^*«^-rS*tWro*$ B B B fkS^^400tW± 

k&^tcft. m^<omm&&^mx-ii, 
zmftL. tefcm<v&mtit£^k^om&tttbz><, 
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[0 0 3 9] 



[0037] *»s«<ojaflE-c^>jafli-ca7E • r 
[0038] **wco»p°dH[, ffnfc««eaw4 

p — Jf*, httIn:Ga:Zn=l:l:l<0«!jgit: 
QZfflKttffl 

^f^igA 0 2 5-40CCM (Pt=7. 9X10~ 2 ~1.4 [Pa]) 

K*?^*/^ EMnm^ 0-150W 

6. 2X10* 3 [Qcm] 
8. 5X10 19 [/cm 3 ] 

15 [cm/Vs] 
# — y*y MiIn:Ga:Zn=l:l:4<0#S3|£ffc (*^tn ;*InGa0 3 (ZnO) B 



m :1838c 



QZ, PMMASffiffiffl 

^f^^A 0 2 5-40CCM (Pt=7. 9X10" 2 — 1.4 [Pa]) 

Jgfct^ 4.3X10" 3 [Qcm] 

y TitS 2.5X10 2O [/cm 3 ] 



&«rft 5. 8 

[0 0 4 0] 

ln 2 0 3 , Ga 2 0 3 , ZnO£>#t&*£\ ^W^JR^Jt^^iX 

T\ 1550°C-e2^^LT^ff^#fc o XRDiC±^In 
GaZn0 4 t?* S tt5 ^{L4£j LWSIi: SrBfcB L 30 

[0 0 4 1] ^^en^r^InGa0 3 (Zn0)_£O^^^, In 
2 0 3 , Ga 2 0 3 , ZnOCO ^W&JRCDit^j&Si : 1 :m(m 
tt2EA_h<WB«> ift5±5WiU B fffiL/c^* 
Sr. ll«-/^;/viiT'ia?g^ looot-cs^mis 

1to *«T\ l550t^2WIBSI*LT«MS*S:#fco XRD 

J: 9 ^^^tLOmfitiC*f^Lfc:InGa0 3 (ZnO)»T'*$tt 
£ SMt^fe* LT^^li Sr-fitE L fc G 40 

[0 0 4 2]2jg [*1] 
&sTKM1&mt It 1^— if— 7^1/- -v-h vjfc&JB^SSK 



[cm/Vs] 

-bXffr& Lfc#&S£«W 5 -h. In:Ga:Zn=l : 1 : 1C0«**£#OT 

Lfc 0 1^0*1^ (80 «V— If-Tr/l'-v'a > 

^f±8£KrF^3^>-^t/— If— ^^4J/cm 2 <^^yU3r— ^ 

^o#fflM;io 2 ^f^?rl5 - 25CCMgftU ^JESrO. 
8- 1.0 [Pa] 4: Lfc 0 ^— -jr y h A^fe30maiitt-b8C10mniA 

^300nmCD»«£?#fc o «^ittt*3tXil«*t-«t 9 
t#/c 0 &*ftlt-C*5w ittXRD<tD«BLit 

(Ell) o KiRffliiK**^Sia&WR»^^^ h/^£> 

-ta^e>*»fco t«»ttii77>' 

[0 0 4 3] 



Stfi[CCM] 


.tfijStb • 


.aufttfc 










<±B![Pa]) 


(In/Ga) 


(Zn/Ga) 


[Qcm] 


[/cm 3 ] 


[cm 2 /Vs] 


[nm] 


15(0.6) 


0.87 


0.85 


6.5X1CT 3 


8.3 X10' 9 


11.6 


403 


20(0.8) 


0.94 


0.84 


6.2 X10" 3 


8.5 X10' 9 


11.9 


383 


25(1.0) 


0.88 


0.88 


8.8 X10" 3 


4.8 X10 19 


14.9 


382 



[0 0 4 4] HiSGBJ 2 tCo 
ISSSffl 1 4: IH^-C-^KS^SiClOiiimft-C'V^l. Oram<DT [0 0 4 5] 

* y/watssrffli^ar tscto, iGzo©#fi«i*«£:» 50 1*21 
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C^JE[Pa]) 


*RfiStfc 
(In/Ga) 


*Rj*tfc 
(Zn/Ga) 




[/cm 3 ] 


[cmWs] 


[nm] 


20(0.8) 


0.94 


0.34 


7.7 X 10' 3 


8.5X10" 


9.5 


375 


25(1.0) 


0.91 


0.82 


7.7 X10 3 


7.3X10' 3 


11.1 


387 



[0 0 4 6] * fc 0 

HfisOT 1 ir^JC^-r>v<—#H^^o 2 ^^5-20[CCM] [0 0 4 7] 

jffi 7^^/^^/^§rffi^-CRFfl;*50W^^t6r t (Ci [*3] 

9»§R7v ? #>'i'£f££<$i*\ £JE£0.2- 0.4[Pa]tL * 



&fc§[ccM] 


m&tt 










(±R=[PJ) 


(In/Ga) 


(Zn/Ga) 


[Qcm] 


[/cm 3 ] 


[cmWs] 


5(0.2) 


0.91 


0.82 


1.7X10* 


5.1 X10" 


7.1 


1 0(0.4) 


0.91 


0.82 


1.1 X10' 2 


7.3X10" 


7.7 


20(0.8) 


0.93 


0.85 


4.2 X10'* 


1.3X10" 


11.0 



[0 0 4 8] ^JSW4 
±T?f^J*Lfc*6*SflC(0 5 In:Ga:Zn=l:l:40«*S#<E> 

Lfc G ^n§rB*X^ (HO If— T^U— > 3 > 

^ttjKKrF^^rv-^ U — if— ^£4J/cm 2 ^^.*/l^— « 
^ ^U^WB85HzT-fiS*tL. vOu— fcTfco 
i/s<— «t«(?5#|HSCH:0 2 ^^Srl5 - 25CCMfltU ^JESrO. 
8- 1.0[Pa]iLfc o ?-^yh^f> 30mral:±(^10inm^^ 



20 



!?JfetcJ:4HallSb*ay^J: 9*»A: 0 
[0 0 4 9] 
[*4] 



£££;[ccm] 














C±SE[Pa]) 


(In/Ga) 


(Zn/Ga) 


[Qcm] 


[/cmT 


[cmWs] 


[nm] 


5(0.2) 


0.93 


0.88 
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I.9XI0 20 


58 
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1.3X10*° 
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392 


25(1.0) 


0.92 


0.84 


8.8X1QT 3 


9.0 X10' 9 


7.9 
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